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Abstract 

Due to some highly publicized incidents a few years ago, melamine is considered a food contaminant 

which may occur accidentally or intentionally in certain types of food, and long-term consumption of 

melamine can severely affect the health of consumers. 

This study analyzed 6 samples of chicken meat and 7 powder milk samples from commercially available 

food products, with origin in different geographic regions of Romania and packed in different types of 

packaging. The purpose was to determine melamine concentration and to observe the influence of origin or 

type of packaging on the melamine content in the analyzed samples. Such studies are part of the current 

efforts for improving food analysis and control strategies in alignment with EU policies in terms not only of 

legislation but also of verification and control actions. The screening of chicken meat and powder milk 

samples showed the presence of melamine in all samples with values lower than the maximum allowed 

limit for food of 2.5 ppm, indicating that the level of melamine is not the result of intentional addition of 

melamine in these food products. Analysis of the various factors influence on the melamine concentration 

in the analyzed samples showed that melamine content depended on geographical region and type of 

packaging but larger studies are needed for establishing statistical significant correlations between the 

geographical region, type of packaging and the shelf life period. 
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1. Introduction 

Food contamination, accidental or deliberate, is one 

of the major food safety issues. In order to avoid 

contamination, food production is closely monitored 
throughout the production chain and the laws and 

policies developed for this purpose contribute to 

create a framework for the development of both 

global and european food trade, while protecting 

public health and wherever possible the animals, 

plants and the environment. Due to some food 

safety incidents in recent years which were highly 

mediatized, melamine is considered a substance that 

should not occur in food either accidentally or 
intentionally [1]. 

 
Melamine (1,3,5-Triazine-2,4,6-triamine) is an 

organic substance with molecular formula C3H6N6 

(Figure 1). 
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Figure 1. Melamine structure 
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Melamine is a nitrogen base with a nitrogen content 

of 66%, which makes it possible to use melamine 
for falsification of food protein content, food 

proteins being determined by a non-specific method 

(Kjeldahl method) which determine the total 
nitrogen content from a food sample (both protein 

and non-protein nitrogen). Thus, the melamine 

added to the sample increases the nitrogen content 

percentage in the analyzed sample while the protein 

content remains unchanged. 

In 2007 melamine came to public attention in North 
America, following complaints about cats and dogs 

food, followed by the withdrawal of large quantities 

of these types of food of the market.  

In 2008, in China were detected cases of melamine 

contamination of fresh milk, some powder milk 

formulas, eggs and other products [3-9]. In these 

cases, melamine and melamine related products 

have been intentionally added to protein ingredients 

or foods intended for human or animal 

consumption.  

Melamine and its deaminated derivative, the 

cyanuric acid have been added to food in order to 

falsely increase their protein content by increasing 
the percentage of nitrogen content in the analyzed 

food. 

People are exposed to melamine from different 
sources, such as: 

• pesticide decomposition (decomposition of 

cyromazine from pesticides) 

• food contamination by migration of 

melamine and its analogues from the food 

plastic packaging 

• intentionally adding of melamine (illegal) in 

different food products (eg milk) in order to 
increase the amount of nitrogen in the 

product 

• consumption of animal products (milk, 

eggs, meat) from animals that received 

melamine in their food. 

Studies of melamine migration from plastic 

packaging using different migration conditions 

(temperature, different solvents used in foods 
industry) showed that the melamine levels varies 

very widely depending on the used conditions 

[10,11,12]. Also, several studies showed that the 

levels of foods contamination with melamine 

consecutively to spontaneous migration from plastic 

packaging are lower than 1 mg/kg due to 

experimental conditions (high temperature) [13]. 

Melamine from pesticides (from cyromazine), 

which may contaminate the plants (potatoes, beans, 

tomatoes, lettuce) during plant development, had 
values lower than 1 mg/kg [14,15]. 

Toxicity 

Trichloromelamine which is used to clean kitchen 

equipments and utensils (except for milk processing 

equipments) may decompose to melamine, which 

can reach food products. In these circumstances, 
values of 0.14 mg melamine/kg were reported, 

considering that all kitchen tools contained 

trichloromelamine [13]. 

The European Union authorizes a melamine 

maximum permissible dose of 0.5 mg/kg/day, 

Canada allows 0.35 mg/kg/day and in the United 

States, the FDA (U.S. Food and Drug 

Administration) originally set a limit of 0.63 

mg/kg/day and then reduced this limit to 0.063 

mg/kg/day. These limit values are calculated using 

short-term laboratory studies on animals and it’s 

obvious that the results translation from animal 

studies to human risk assessment entails a degree of 
uncertainty which is high enough according to some 

experts [16,17]. 

In 2008, the World Health Organization (WHO) 
estimated that the daily intake of melamine to which 

a person can be exposed without risk is 0.2 

mg/kg/day for all people including children. The 

safe level of melamine in solid food was calculated 

by the FDA assuming that an average sized person 

(60 kg) has a dietary intake of 3 kg food/day, from 
which 1.5 kg is solid food contaminated with 

melamine [17].  

Due to the fact that in foods such as coffee, orange 
juice, lemon juice and milk, melamine levels up to 

2.2 mg/kg were reported, the Food Standards 

Australia considered the possibility of food 
contamination with melamine following food 

contact with plastic packaging and proposed in 2008 

a maximum permissible level of 2.5 mg/kg of food 

[18].  

A melamine level higher than this is an indicator of 

intentionally added melamine in the food product (a 

product falsification with melamine).  
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In the USA, the level of security for milk and milk 

products was set at 2.5 mg/kg, while in Europe, the 
Food Safety Authority has set the limit at 2.5 mg/kg 

(ppm, parts per million) for all products containing 

more than 15% milk [17]. However, for a greater 
security, a basic level was set well below 2.5 mg/kg 

at 0.002-13 µg/kg (ppb, parts per billion) [2]. 

Clinical aspects 

Clinical studies on children from China exposed to 

melamine contamination by milk powder 

consumption showed the presence of small kidney 
stones with a high content of uric acid and 

melamine, without large changes in values of other 

biochemical analytes (increased blood creatinine, 
leukocyte increased). The mechanism of action of 

melamine consisted of obstructive uropathy and 

acute renal failure in the most severe cases [19]. 

There was a positive correlation between the size of 

kidney stones and melamine content of ingested 

material but not with the duration of exposure [20]. 

Clinical manifestations which occurred were crying, 

vomiting, fever, hematuria, disuria, oliguria, anuria, 

hypertension, edema and pain in the kidney area. 

Not all children with kidney stones experienced 
these clinical manifestations. Progressive jaundice 

liver injury occurred only in a small number of 

investigated children exposed to melamine 
contamination [21-30]. It seems that liver damage is 

due, in part, to blocked bile ducts. Also, lower 

urinary pH and increased plasmatic levels of free 

fatty acids can accelerate kidney stones formation. 

Melamine is a compound that normally should not 

be in food and the intentional addition to foods is 
prohibited, being a toxic compound if inhaled, 

swallowed or absorbed in the skin and causes eye, 

skin and respiratory system irritation [16]. Chronic 
exposure to melamine can cause cancer or 

reproductive disorders [16]. 

2. Materials and methods 

The aim of this study was to analyze the 

contamination with melamine of food products. The 

materials used in the study consisted of chicken 

meat and powder milk.  

We selected six different chicken meat products 

commercially available which contained chicken 

legs, with origin in four geographic regions of 

Romania (Transilvania, Banat, Muntenia and 

Moldova), in different types of packaging.  

Four products contained refrigerated chicken meat 

packed in sealed plastic trays and the other two 
contained refrigerated chicken meat packed in 

sealed plastic bags. The analysis of all products was 

performed before the expiration date written on the 
package. 

For analysis of melamine contamination in powder 

milk, four different types of commercially available 

powder milk formulas were selected, both infant 

formulas and follow-on formulas.  

The meat and powder milk products were prepared 
for analysis as follows: 

- Ten samples of fresh chicken meat were 

collected from ten different regions of each 
chicken meat product. The 10 samples were 

grounded and mixed with a blender machine 

and 10 g of mixture for each of the 6 chicken 

products were used for the next step of analysis. 

- The powder milk samples were reconstituted 

with a solution of 10% methanol/PBS according 

to manufacturer’s instructions for different age 

intervals (Table 1) and 7 samples were 

prepared. 

All chicken meat and milk samples were analyzed 
according to the manufacturers’ protocol with 

Melamine Abraxis ELISA kit (Biosense 

Laboratories AB, Norway) on a Stat Fax 2100 
(Awareness Technology) ELISA line. The kit is 

recommended for the detection of melamine in milk 

powder, whole milk, yogurt, ice cream and chicken 

meat. The method ELISA is an immunometric 

technique which can be used for detection of very 

small quantities of analytes in different types of 
samples, thus of melamine in food samples. 

 

3. Results and Discussion 

 

The six chicken meat samples were analyzed in 

triplicate and the results are shown in Table 2. The 
values we obtained were lower than FDA food limit 

of 2.5 mg/kg but greater than the security limit of 13 

µg/kg specific to environment contamination. 

Nevertheless, what should be emphasized is the fact 

that all the melamine content values are lower than 

2.5 ppm which confirms that melamine presence in 

the chicken meat products is not the result of 

intentional addition, but may be the result of 

contamination from food packaging or the 
environment. 
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All melamine content values determined for all 

powder milk samples were lower than the limit set 
by FDA which is less than 2.5 mg/kg (Table 3).  

However, for a greater security, the level of 

melamine contamination due to general 
environment should be taken into account (0.002 - 

13 µg/kg or ppb) which is a limit set much lower 

than 2.5 mg/kg [2]. All samples of powder milk 

formulas had values above these security limits. 
This indicates the presence of melamine 

contamination, but the contamination was not the 

result of an intentional addition because the values 
were lower than 2.5 mg/kg.  

Table 1. Powder milk samples preparation 

 
Table 2. Average values of melamine concentration (media ± standard deviation)  

for 3 sets (triplicate) of chicken meat samples  

 
Table 3. Melamine concentration values (mg/kg) in milk powder samples 
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When comparing the concentration of melamine in 

infant formulas and follow-on formulas, higher 
melamine concentrations were found in infant 

formulas, although the mass of solid powder milk in 

these types of formulas is lesser than in follow-on 
formulas.  

If we are also taking into account the fact that the 

number of daily meals is greater for the newborns, it 

is possible that the daily dose of melamine to which 

newborns are exposed is higher than the dose for 

children over 6 months.  

We calculated the melamine dose to which infants 

less than 6 months were exposed by consuming 

powder milk from food producers 1 and 2 (S1a, 
S1b, S2a, S2b, S2c) which had the highest content 

of melamine. Thus, considering 600 ml the daily 

milk volume, prepared using the powder milk 

formula from company 1, the calculated dose is 0, 

0138 mg/day. If we use the powder milk formula of 

the second company, 2, the calculated dose is 0, 

0216 mg/day. These values change if they 

correlated with the child's weight, but still they are 

below melamine base concentration (estimated from 

several sources of contamination) in milk powder 
formulas [2] to be between 0.54 - 1.6 mg/kg/day. Of 

the four companies analyzed, 3 are from abroad and 

one from Romania [2]. 
 

4. Conclusions 

The aim of this study was the analysis of melamine 

contamination in food products (chicken meat and 

milk powder) from different regions of Romania, 

packed in different types of packaging and produced 
by different food producers in order to determine 

melamine concentration in analyzed samples and to 

observe the influence of food products origin (the 
region of origin) and type of packaging on the 

content in melamine. From literature data we have 

studied, it seems that this is among the first studies 
of its kind in Romania. 

 

The results we obtained demonstrated the following: 

• The screening analysis performed on 6 chicken 

meat samples and 7 powder milk samples 
showed the presence of melamine in all the 

analyzed samples  

• The melamine levels in all analyzed samples 

(13.3 – 21.3 ppb for chicken meat and  110.71 

– 240.05 ppb for powder milk) were lower than 

840 ppb and lower than the maximum 

permissible limit of 2.5 ppm (2500 ppb) for 

food, which shows that the presence of 
melamine is not the result of intentional 

addition in these products 

• The determined level of melamine in analyzed 

samples was higher than  the level for a greater 

security, which is a basic concentration level 

set well below 2.5 mg/kg, respectively at 

0.002-13 µg/kg (ppb, parts per billion) 

• Larger studies are required to establish 

correlations between the geographical region, 

type of packaging and the shelf life period.  
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